Background: Ankle sprain is a common injury in athletic populations that results in significant time lost to injury.
Ankle sprain is the most common injury in young athletes 10, 23, 24, 31, 53 and active-duty military service members 46 and accounts for 10% to 30% of all single sport injuries. 5, 23, 33 Epidemiological studies have estimated incidence rates (IRs) of ankle sprain in the general population to be between 5 to 7 sprains per 1000 person-years. 14, 30 Worldwide, approximately 1 ankle sprain occurs per 10 000 person-days, 7, 37 and an estimated 2 million acute ankle sprains occur each year in the United States alone, resulting in an annual aggregate health care cost of 2 billion dollars. 56 In addition to financial costs, these injuries are also associated with significant time lost to injury, delayed return to duty, and long-term disability in up to 60% of patients. 25, 62 Risk factors have been investigated and are traditionally organized into intrinsic and extrinsic factors. 10, 48 Intrinsic factors include age, gender, height, weight, body mass index (BMI), previous injury, aerobic fitness, limb dominance, flexibility, limb girth, muscle strength, proprioception, reaction time, postural stability, anatomical alignment, foot morphological characteristics, and inadequate rehabilitation. Extrinsic factors include the sport, level of competition, shoe type, use of ankle tape and/or brace, and playing surface. More recently, injury epidemiologists have shifted their focus to classifying risk factors as modifiable and nonmodifiable with particular interest on modifiable risk factors because they are amenable to intervention.
There are little data from large-scale (greater than 10 000 person-years at risk) population-based studies with corresponding athlete-exposure data regarding ankle sprain IR and the associated risk factors. 23 The purpose of this study was to estimate ankle sprain IR within the physically active cadet cohort at the United States Military Academy (USMA). Additionally, the study examined the relationship between gender, height, weight, BMI, physical conditioning, type of sport, level of competition, and the incidence of ankle sprain injuries in a homogeneous cohort with the resultant time lost to injury. On the basis of previous epidemiological studies of ankle sprain, we hypothesized that female sex, higher BMI, lower levels of physical conditioning, lower level of competition, and involvement in athletics are associated with higher rates of ankle sprain.
MATERIALS AND METHODS

Study Design and Settings
A longitudinal cohort study was performed to examine the epidemiology of ankle sprain over a 2-year time period between 2005 and 2007 within the cadet population at the USMA utilizing the Cadet Illness and Injury Tracking System (CIITS). The population for this study included all cadets in attendance during the study period. USMA cadets are required to meet their service's physical induction standards when joining the military, which excludes from service those individuals with certain pre-existing medical conditions to include potential causes for chronic ankle instability (inadequate healing, poor rehabilitation, multiple recurrences after primary ankle sprain, heritable connective tissue or other genetic disorder, prior ankle surgery). All cadets are required to participate in intramural, club, or intercollegiate sports in at least 6 semesters of their USMA attendance. Cadets also participate in Department of Physical Education courses and activities, some of which may be gender specific, as well as the Army Physical Fitness Test (APFT). Mandatory military training occurs throughout cadets' USMA attendance. Cadets participate in intensive physical training programs and field-training exercises in addition to mandatory participation in either intramural or intercollegiate athletics. Because of USMA requirements, documented attendance is required for cadets at all places of duty to include athletics. Attendance is taken and reported for all sporting events, games, and practices. Exposure data are based on daily attendance data documented for every practice and game at the intramural, club, or varsity sport level. The data are reported online through the USMA student information system, which then provides athlete-exposure data for CIITS.
All cadets receive medical care through the closed health care system at USMA, and all injuries are evaluated through its associated sports medicine and orthopaedic clinics. All injuries resulting in time lost to sports or activity and requiring presentation at a receiving clinic are documented in CIITS at USMA. Diagnoses are made by an orthopaedic surgeon, physician assistant, or certified athletic trainer based on patient history and physical examination. The West Point Ankle Grading System 25 was used for diagnosing type and severity of ankle sprain based on the following criteria: location of tenderness, presence of edema or ecchymosis, weightbearing ability, ligament damage, reaction to manual stress testing, and evidence of instability. Lateral ankle sprain was diagnosed based on a history of an inversion or plantarflexion ankle injury, tenderness in the distribution of the anterior talofibular ligament (ATFL) and the calcaneofibular ligament (CFL), and pain with passive inversion or anterior translation. Medial ankle sprain was diagnosed by a history of eversion or dorsiflexion ankle injury, tenderness in the deltoid ligament distribution, and/or pain with passive external rotation. Syndesmotic ankle sprain was diagnosed based on a history of external rotation or dorsiflexion injury, focal tibiofibular tenderness, positive special testing (external rotation stress test, squeeze test) results, or radiographic mortise widening.
Data Acquisition and Outcome Assessment
This study was approved by the Institutional Review Board. Injury data were extracted from the CIITS database, and all ankle injuries, specifically ankle sprains, were isolated. New ankle sprains were defined as primary ankle sprains resulting in time lost to sport and activity that occurred within the study period. Injuries sustained before the study period were not included as new ankle sprains in this study. Primary measured outcomes were the incidence of new ankle sprain per 1000 person-years at risk and the incidence of new ankle sprain per 1000 athlete-exposures. Athlete-exposures were defined as one cadet participating in one activity session (eg, game or practice). Subsequent ankle sprains were not included in the calculation of IR. The IR is calculated by dividing the total number of injuries observed in a population by a measure of person-time at risk to injury. While athlete exposure to injury has commonly been used as a measure of person-time at risk in sports injury research, personyears at risk is a more widely used measure of exposure in population-based epidemiological studies. Knowles et al 39 recommended collecting data for person-time at risk to injury as precisely as possible.
Time lost to injury was used to evaluate the severity of ankle sprain injuries. Time lost to injury is the period of disability calculated from start and end dates on the temporary physical profile (DA Form 3349), which determines physical limitations imposed by health care providers for cadets during athletics and other physical training. When the physical profile is discontinued, this marks the full, unrestricted return to athletics and/or physical training irrespective of sport or level of activity. Severity of ankle sprain was measured by the extent of recorded time lost to injury using the definitions set forth by Powell and Barber-Foss 53 : minor (\8 days), moderate (8-21 days), or severe (.21 days).
Anthropometric factors and level of conditioning were also assessed for association with ankle injury. Height in inches, weight in pounds, and BMI (kg/m 2 ) were among risk factors analyzed. Performance on the APFT was used as a surrogate measure of the level of physical conditioning. The APFT is composed of 3 components: number of push-ups completed in 2 minutes, number of sit-ups completed in 2 minutes, and 2-mile run time. Cadets are required to complete and achieve baseline scores on the APFT on a semiannual basis, as well as for a USMA graduation requirement.
Statistical Methods and Data Analysis
Using data extracted from the CIITS database, IRs with 95% confidence intervals (CIs) were calculated per 1000 person-years at risk and by gender, sport, and level of competition. To control for athlete-exposures, IRs with 95% CIs were also calculated per 1000 athlete-exposures by gender, sport, and level of competition. Level of competition categories included involvement on an intercollegiate or an intramural level. Intercollegiate sport categories included sports with both men's and women's athletic teams (basketball, cheerleading, team handball, lacrosse, rugby, soccer, track sports, volleyball), as well as single-gender athletic teams (men's baseball, football, hockey, and wrestling; women's softball and gymnastics). Intramural sport categories included basketball, flag football, biathlon, boxing, combat grappling, football, orienteering, pass-n-go, soccer, team handball, Ultimate Frisbee, and wrestling. Incidence rate ratios (IRRs) and respective CIs were calculated between male and female cadets, intercollegiate and intramural athletes, and men's and women's intercollegiate athletes involved in selected sports. v 2 and Poisson regression analyses were used to examine the relationship between the variables of interest and the incidence of ankle sprain. Statistical means with CIs were calculated for height, weight, BMI, raw sit-up score, raw push-up score, and raw run time for both male and female cadets with and without ankle sprains. A Student t test was used to examine for differences in mean values between groups. v 2 and Poisson regression analyses were used to assess for statistical significance in the relationship of variables of interest. Time lost to injury for lateral, medial, and syndesmotic ankle sprains was compared using an F test to assess for statistical difference. All analyses were carried out using SAS (version 9.1.3; Cary, North Carolina), with statistical significance set at P \ .05 for all comparisons.
RESULTS
Between 2005 and 2007, there were 885 new ankle injuries and 1631 injury-related clinic encounters. Sprain was the most common presenting ankle injury (699 sprains, 78% of injuries), followed by contusion (5%), fracture (3%), and strain (2%). During the study period, 614 cadets sustained new ankle sprains during 10 511 cadet person-years for an overall IR of 58.4 per 1000 person-years. Of these 614 cadets with new ankle sprains, 75 cadets sustained multiple ankle sprains (160 ankle sprains), resulting in a total of 699 ankle sprains.
Of these 614 new sprains, 588 (95.8%) had laterality documented. A similar proportion of subjects sustained ankle sprain of the right (296 sprains, 48.2%) and left (292 sprains, 47.6%) ankle, with 26 indeterminate ankle sprains. The majority of ankle sprains involved the lateral ligamentous complex (508 sprains, 82.7%), followed by syndesmotic (31 sprains, 5.0%) and medial (21 sprains, 3.4%) sprains.
Of 614 subjects with ankle sprains, 523 subjects (85.2%) had reportable time lost information. Ankle sprain resulted in at least 4252 total days lost to injury and an average of 8.1 days lost per cadet. Severity of ankle sprain was classified as minor (\8 days time lost: 327 cadets, 62.5%), moderate (8-21 days time lost: 177 cadets, 33.8%), and severe (.21 days time lost: 19 cadets, 3.6%). The average time lost to injury for syndesmotic sprains was 9.82 days compared with lateral at 7.94 days and medial ankle sprains at 5.80 days; however, this did not achieve significance (P 5 .18).
Gender
During the study, 133 women (14.5% of female cadets) sustained an ankle sprain for an IR of 96.4 sprains per 1000 female person-years. Among the men, 481 individuals (9.2% of male cadets) sustained an ankle sprain for an IR of 52.7 sprains per 1000 male person-years. Women, when compared with men, had a significantly increased IRR for ankle sprain of 1.83 (95% CI, 1.52-2.20) when rates were calculated using person-years as a measure of exposure.
Body Mass Index
Men with ankle sprains had a higher mean height, weight, and BMI than uninjured men (P \ .001). In contrast, injured and uninjured women demonstrated no statistically significant differences in height, weight, or BMI (P 5 .36, .58, and .77, respectively) ( Table 1) .
Physical Conditioning
Men with ankle sprains had higher mean raw scores in push-ups and sit-ups, as well as a faster mean 2-mile run time when compared with uninjured men (P \ .001). There were no statistically significant differences in the average push-up, sit-up, and run time raw scores between injured and uninjured women (P 5 .68, .84, and .88, respectively) ( Table 1 ). 
Level of Competition
Incidence by Sport
The incidence of ankle sprain in selected intercollegiate sports is listed in Appendix 1 (available online at http:// ajs.sagepub.com/supplemental). In intercollegiate sports, basketball (men's, 1.67; women's, 1.14), women's cheerleading (1.58), men's rugby (1.53), men's lacrosse (1.34), soccer (men's, 1.28; women's, 1.51), and women's volleyball (1.11) had the highest IRs per 1000 athlete-exposures. When examining men's intercollegiate athletics, the IRRs of men's basketball (4.02, 95% CI, 1.67-9.71), rugby (3.68, 95% CI, 1.65-8.19), lacrosse (3.22, 95% CI, 1.36-7.63), and soccer (3.09, 95% CI, 1.10-8.67) were significantly higher in comparison with track sports. Among women's sports, there were no statistically significant differences.
Overall, the ankle sprain IRR in male athletes participating in intercollegiate rugby was over 3 times greater than that of female participants: 3.11 (95% CI, 1.05-9.18). However, when controlling for athlete-exposures, the ankle sprain IRs were comparable between male and female rugby players: 2.61 (95% CI, 0.88-7.71). Additionally, no statistically significant differences were detected in the IRR when analyzing person-years at risk or athlete-exposures between female and male intercollegiate athletes involved in basketball, handball, lacrosse, soccer, track, and volleyball ( Table 2) .
The incidence of lateral, medial, and syndesmotic ankle sprain in selected intercollegiate sports is listed in Appendix 2 (available online at http://ajs.sagepub.com/ supplemental). In intercollegiate sports, men's gymnastics (0.22) and men's rugby (0.17) had the highest IRs of medial ankle sprain. Also, men's soccer (0.42) and men's wrestling (0.30) had the highest rates of syndesmotic ankle sprain per 1000 athlete-exposures.
DISCUSSION
In this longitudinal cohort study, we found that higher mean height and weight in men, increased BMI in men, higher level of physical conditioning in men, and athlete exposure to selected sports were factors associated with sustaining an ankle sprain within the cohort of USMA cadets. Previous incidence studies of ankle sprain have reported overall IR in the general population to be between 5 and 7 per 1000 person-years, with the highest IR occurring in men between ages 20 and 30 years and in girls and women between ages 10 and 20 years. 14, 30 The IR of ankle sprains in the USMA cadet population was 58.4 per 1000 person-years, with a male rate of 52.7 and a female rate of 96.4 per 1000 person-years. The nearly 10-fold increase in the overall IR is attributable to the young, athletically active USMA cadet cohort. The high ankle sprain IR reported in this study further substantiates the findings reported by Jackson et al 34 over 35 years ago, which showed that nearly one third of cadets sustained an ankle sprain during their attendance at USMA. Men with ankle sprains had higher height, weight, body mass index, raw push-up score, and raw sit-up score and had lower raw run time score than uninjured men (P \ .001). Male rugby athletes were at a significantly increased risk of sustaining ankle sprain per 1000 person-years at risk when compared to female counterparts.
Our results found an overall increased risk for sustaining ankle sprain injury in women compared with men, with an IRR of 1.83 (95% CI, 1.52-2.20). However, this relationship did not hold true when athlete-exposures were controlled for. Previous studies have shown female gender to be associated with an increased incidence of lower extremity injuries in athletes, 8, 16, 36, 38 particularly ACL injuries. 1, 2, 9, 13, 17, 29, 41, 47, 54, 55, 57 However, previous incidence studies of ankle sprain have reported mixed results to include an increased incidence among women, 12, 32, 42 as well as studies citing a lack of a gender difference. 11, 14, 41 Beynnon et al 12 showed that competitive female basketball players were at 4-fold increased risk of ankle sprain compared with male basketball players. Hosea et al 33 demonstrated that female compared with male basketball players at the high school and college level were at a 25% increased risk of sustaining a grade I ankle sprain.
Military academies have stringent entry criteria for weight, body fat content, and physical fitness measures. As a result, cadets are tightly clustered in parameters such as BMI, and few cadets qualify as overweight or obese on standardized measurements. In the current study, injured and uninjured cohorts had an average BMI that was normal using normative data provided by the Centers for Disease Control. 49 Additionally, the difference between injured and uninjured cadets for BMI was only 0.64 kg/m 2 . Despite the narrow ranges in these parameters, we have shown that male cadets with higher mean height, weight, and BMI were associated with a higher incidence of ankle sprain. This supports the current hypothesis that ankle sprain and other lower extremity injuries result from the higher mass moment of inertia acting about the ankle. 27, 36, 46, 59 Prior incidence studies of ankle sprain have reported conflicting results with regard to the relationship between height, weight, and the incidence of ankle sprain. Some studies have demonstrated an increased incidence in individuals who are taller 46, 60 and heavier, 46 while other studies have reported no difference in the incidence of ankle sprain injury. 11, 21 With respect to BMI, 2 studies have reported an increased incidence of lower extremity injuries 27 and ankle sprain 59 in only those football players with an above-average BMI. Gomez et al 27 reported that athletes in high school football with a higher BMI were at a greater risk of lower extremity injury than those with lower BMI, with ankle sprain being the most common injury; there were no associations with weight, lean body mass, or percentage of body fat. Tyler et al 59 showed that male high school athletes with a greater BMI (.95th percentile) had a 4-fold higher incidence of ankle sprain than normal-weight male athletes, although the same was not observed in female athletes. 44 Male cadets with higher levels of physical conditioning, as indicated by better raw scores in push-up, sit-up, and run time testing, were more likely to sustain an ankle sprain. Currently, there is no consensus in the literature regarding surrogate measures of physical fitness and ankle injury. Some previous studies have reported an increased incidence of training injury in military service members with lower cardiorespiratory fitness, 35, 36, 38 citing earlier muscle fatigue and delayed neuromuscular response to inversion ankle stresses as potential causes. Similarly, Willems et al 61 showed increased incidence of ankle sprain in men with slower running speed and decreased cardiovascular endurance. Conversely, Milgrom et al 46 showed no difference in 2-km run time between military recruits with and without ankle sprain. In our study, we believe that the increased incidence of ankle sprain associated with higher levels of physical conditioning may be best explained by an increased exposure to at-risk activities. As well, higher conditioned athletes may compete more aggressively and engage in more risk-taking behavior during organized athletics. 18 Level of competition has been implicated as a risk factor for ankle sprain, and several prospective studies have recorded athlete-exposure data. 3, 6, 19, 43, 45 We found that intercollegiate athletes had a nearly 7-fold increased rate of ankle sprain compared with intramural athletes when IRs were calculated by 1000 person-years. However, when controlling for athlete-exposures, ankle sprain IRs were comparable between intramural and intercollegiate athletes. Prior ankle sprain incidence studies concerning level of competition were split, with a report of an increased incidence in intercollegiate versus high school athletes 32 and another that did not find a difference. 12 Two studies have shown an increased risk of severe sports injuries in lower skill soccer players than in their higher skill counterparts. 15, 52 We believe that other factors may more adequately predict the higher ankle sprain IR such as number of athlete-exposures, high match exposure, 4 low training-to-match ratio, 18 and limited warm-up or stretch period. 18, 19, 51 To our knowledge, this is the first study to document the relative risk of ankle sprain incurred by participation in over 20 different intercollegiate sports within a single cohort. Male intercollegiate athletes in basketball, rugby, lacrosse, and soccer had the highest IR of ankle sprain, whereas the female sports that had the highest ankle sprain IR were cheerleading, soccer, basketball, and volleyball. Traditionally, an increased ankle sprain IR has been observed in soccer, basketball, and football. 12, 23 In these higher risk sports, athletes frequently encounter contact with other players and often perform running, jumping, and sharp cutting movements, 15, 23, 26, 40 which expose the ankle to increased angular and rotational strain. In our analysis, the ankle sprain IR was less than 1.7 per 1000 athlete-exposures in all sports. These results are comparable, although higher in all sports except football 31 and women's basketball, 12 to previous studies of intercollegiate athletes. However, the incidence in certain sports may still be underestimated. The assessment of athlete-exposure included both on-and off-field/court training to include less risk-prone sessions such as weight lifting and running. This is of particular importance in explaining the relatively lower ankle sprain IR in men's football, as these less-risk athlete exposures comprise approximately one third of football athlete-exposures in the present study.
The epidemiology of syndesmotic ankle sprain is variably described with reported IRs from 1% to 18% of all ankle sprains. 20, 25, 32 Previous studies 22,32,50 have described a higher incidence of syndesmotic ankle sprain during football, hockey, wrestling, rugby, and lacrosse, with a contact external rotation injury being the most commonly reported mechanism. 50 In the current study, 5.0% of all ankle sprains were classified as syndesmotic ligaments, with at least 80.6% occurring during sports activity and 67.8% occurring during intercollegiate athletics. Syndesmotic ankle sprain occurred most commonly during intercollegiate football, although soccer and wrestling were associated with the highest IRs per 1000 athlete-exposures. Furthermore, syndesmotic ankle sprains resulted in an average time loss of 9.82 days (range, 3-21 days), which was higher than time lost to either lateral or medial ankle sprains. While this is lower than time lost to injury reported in previous studies (range, 13.4-55 days), 28, 32, 50, 58 this may be a function of limited time-loss reporting as only 16 of 31 syndesmotic injuries had available time-loss data.
The greatest strength of this study is the large number of athletes (greater than 10 000 person-years at risk) and the corresponding athlete-exposure data that were captured within the closed health care system and annotated in the CIITS database. As a result of this closed cohort, our study can more adequately assess the true incidence of ankle sprain. The authors acknowledge the limitations inherent to any large database study. First, because of limited patient history, we could not fully exclude all subjects with ankle sprain sustained prior to matriculation at USMA. Recurrent sprains during the study period were not included in the calculation of incidence, and any individuals with prior recorded sprain during attendance at USMA were excluded at the onset of this study. Second, multiple providers evaluated and coded the patient encounters, which may decrease the accuracy of the diagnosis of ankle sprain. Despite these limitations, the data from this closed longitudinal cohort study represent true measures of the incidence of ankle sprain and can guide strategies for risk reduction and injury prevention in atrisk groups.
The USMA represents an endemic population for ankle sprain, with IRs nearly 10-fold higher than those reported in the general population. Higher height and weight in men, increased BMI in men, increased physical conditioning in males, and exposure to selected sports were all risk factors for ankle sprain. The intercollegiate sports of basketball, cheerleading, rugby, lacrosse, and soccer have the highest rates of ankle sprain.
